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Decadal	
  Changes	
  in	
  Subseasonal	
  Predictability,	
  
Forecast	
  Bias,	
  and	
  Model	
  Calibra:on	
  

Retrospec:ve	
   forecasts	
   for	
  week-­‐2,	
  2-­‐meter	
   temperature	
   from	
  the	
  Global	
  
Ensemble	
   System	
   for	
   1985-­‐2010	
   are	
   used	
   to	
   es:mate	
   the	
   model	
  
climatology,	
   including	
   the	
   mean	
   and	
   variance,	
   as	
   well	
   as	
   the	
   correla:on	
  
with	
  observa:ons.	
  The	
  predictable	
  signal	
  is	
  es:mated	
  from	
  the	
  variance	
  of	
  
the	
   ensemble	
   mean	
   and	
   ensemble	
   spread	
   is	
   used	
   to	
   es:mate	
   the	
  
uncertainty.	
  Predictability	
   is	
  determined	
  from	
  both	
  the	
  true	
  correla:on	
  to	
  
observa:ons	
   and	
   the	
   model-­‐predicted	
   correla:ons	
   calculated	
   from	
   the	
  
signal	
   and	
   ensemble	
   spread.	
   Trends	
   were	
   fit	
   to	
   the	
   predictability,	
   both	
  
model-­‐es:mated	
   and	
   realized,	
   as	
   well	
   as	
   to	
   the	
   difference	
   between	
   the	
  
model	
   climatology	
   and	
   the	
   observed	
   climatology,	
   i.e.	
   bias.	
   The	
   bias	
   is	
  
shown	
  to	
  have	
  clear	
  trends	
  that	
  vary	
  globally	
  indica:ng	
  that	
  systema:c	
  bias	
  
between	
   the	
   ensemble	
   mean	
   and	
   observa:ons	
   is	
   changing	
   as	
   both	
   the	
  
mean	
  climate	
  state	
  and	
  the	
  observa:onal	
  analysis	
  change.	
  For	
  purposes	
  of	
  
model	
  calibra:on	
  of	
  ensemble	
  forecasts,	
  bias	
  correc:on	
  must	
  change	
  with	
  
:me.	
   These	
   results	
   for	
   week-­‐2	
   are	
   likely	
   to	
   be	
   applicable	
   for	
   other	
  
subseasonal	
  to	
  seasonal	
  predic:on	
  systems.	
  
In	
   opera:ons,	
   mean	
   systema:c	
   bias-­‐correc:ons	
   and	
   calibra:on	
   from	
   the	
  
full	
  1985-­‐2010	
  retrospec:ve	
  GEFS	
  dataset	
  are	
  applied,	
  however	
  changes	
  in	
  
bias	
   of	
   real-­‐:me	
   forecasts	
   following	
   2010	
   are	
   demonstrated.	
   Verifica:on	
  
for	
   recent	
   analyses	
   to	
   correct	
   the	
   residual	
   bias	
   using	
   forecasts	
   for	
  
2011-­‐2014	
  will	
  be	
  shown.	
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NOAA-­‐ESRL	
  retrospec:ve	
  forecasts	
  

•  Current	
  opera:onal	
  NCEP	
  Global	
  Ensemble	
  
Forecast	
  System	
  (GEFS)	
  as	
  of	
  February	
  2012	
  

•  T254L42	
  (about	
  ½	
  degree	
  grid	
  spacing)	
  in	
  
week	
  1	
  and	
  T190L42	
  (about	
  ¾-­‐degree)	
  in	
  
week	
  2	
  

•  Daily	
  0Z	
  cycle	
  11	
  ensemble	
  members,	
  	
  
•  10	
  perturba:ons	
  +	
  control	
  
•  4	
  cycles	
  x	
  21	
  members	
  per	
  day	
  in	
  real-­‐:me	
  GEFS	
  

•  1985-­‐2010	
  
•  Ini:al	
  condi:ons	
  from	
  Climate	
  Forecast	
  

System	
  Reanalysis	
  (CFSR)	
  (2011	
  and	
  real-­‐:me	
  
using	
  GDAS)	
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Week-­‐2	
  reliability	
  of	
  reforecast-­‐calibrated	
  GEFS	
  probabili:es	
  
compared	
  to	
  NAEFS,	
  bias-­‐corrected	
  GEFS	
  and	
  uncorrected	
  GEFS	
  

(3	
  years	
  2011-­‐2013)	
  

Comparison	
  of	
  reliability	
  of	
  CPC	
  week-­‐2	
  probability	
  forecasts	
  including	
  official	
  manual	
  
forecasts,	
  raw	
  GEFS,	
  bias-­‐corrected	
  GEFS	
  component	
  of	
  NAEFS,	
  NAEFS	
  MME,	
  and	
  reforecast-­‐
calibrated	
  GEFS.	
  	
  
	
  



Sampling	
  a	
  smaller	
  reforecast	
  
26	
  vs.	
  10	
  	
  Training	
  

Years	
   11	
  vs.	
  6	
  Members	
   Daily	
  vs.	
  1	
  run	
  

Results	
  of	
  reforecast	
  sample	
  size	
  tests	
  for	
  week-­‐2	
  temperature	
  and	
  precipita:on	
  show	
  
reducing	
  the	
  number	
  of	
  years	
  in	
  the	
  reforecast	
  produces	
  the	
  largest	
  drop	
  in	
  skill.	
  	
  Reducing	
  
the	
  ensemble	
  size	
  from	
  11	
  to	
  6	
  members	
  had	
  lifle	
  or	
  no	
  impact.	
  	
  
	
  



Tes:ng	
  the	
  impact	
  on	
  week-­‐2	
  temperature	
  and	
  precipita:on	
  skill	
  
of	
  a	
  reduced	
  number	
  of	
  years	
  in	
  reforecast	
  sample	
  

Using	
  26,	
  18	
  and	
  10	
  years	
  of	
  reforecasts	
  (1984-­‐2010)	
  to	
  generate	
  sta:s:cs	
  for	
  calibra:on	
  of	
  
2011-­‐2013	
  GEFS	
  forecasts.	
  Heidke	
  Skill	
  Score	
  (leg)	
  and	
  RPSS	
  (right)	
  show	
  loss	
  of	
  skill	
  for	
  
precipita.on	
  forecasts	
  with	
  reduc.on	
  from	
  full	
  26	
  years.	
  
Red	
  lines	
  mark	
  first	
  reduced	
  sample	
  with	
  significantly	
  lower	
  skill.	
  



Tes:ng	
  the	
  impact	
  on	
  week-­‐2	
  temperature	
  and	
  precipita:on	
  skill	
  of	
  a	
  
reduced	
  number	
  of	
  ensemble	
  members	
  in	
  reforecast	
  sample	
  

Using	
  11,	
  6,	
  3	
  and	
  1	
  ensemble	
  members	
  of	
  reforecasts	
  (1984-­‐2010)	
  to	
  generate	
  sta:s:cs	
  for	
  
calibra:on	
  of	
  2011-­‐2013	
  GEFS	
  forecasts.	
  Heidke	
  Skill	
  Score	
  (leg)	
  and	
  RPSS	
  (right)	
  show	
  li9le	
  
or	
  no	
  loss	
  in	
  skill	
  with	
  reduc.on	
  from	
  11	
  to	
  6	
  ensemble	
  members.	
  
	
  



Tes:ng	
  the	
  impact	
  on	
  week-­‐2	
  temperature	
  and	
  precipita:on	
  skill	
  
of	
  a	
  reduced	
  frequency	
  of	
  runs	
  from	
  daily	
  to	
  weekly	
  

Using	
  7,	
  2	
  and	
  1	
  run	
  per	
  week	
  (1984-­‐2010)	
  of	
  reforecasts	
  to	
  generate	
  sta:s:cs	
  for	
  calibra:on	
  
of	
  2011-­‐2013	
  GEFS	
  forecasts.	
  Heidke	
  Skill	
  Score	
  (leg)	
  and	
  RPSS	
  (right)	
  show	
  li9le	
  or	
  no	
  loss	
  in	
  
skill	
  with	
  reduc.on	
  from	
  daily	
  to	
  twice-­‐weekly	
  runs.	
  
	
  



Using	
  Ensembles	
  for	
  Predictability	
  Es:mates	
  

What	
  do	
  we	
  mean	
  by	
  predictability?	
  
•  The	
  ensemble	
  mean	
  is	
  an	
  es:mate	
  of	
  the	
  predictable	
  

component	
  of	
  the	
  future	
  state,	
  also	
  known	
  as	
  signal	
  S	
  

	
  
•  The	
  ensemble	
  spread	
  about	
  the	
  mean	
  is	
  an	
  es:mate	
  of	
  

the	
  unpredictable	
  noise,	
  N	
  

•  By	
  these	
  es:mates,	
  signal	
  and	
  noise	
  are	
  dependent	
  on	
  
the	
  ini:al	
  state	
  of	
  the	
  climate	
  system	
  at	
  :me,	
  t.	
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Shigs	
  in	
  the	
  probability	
  distribu:on	
  indicate	
  the	
  strength	
  of	
  the	
  signal	
  



Spread	
  of	
  ensemble	
  members	
  determine	
  the	
  uncertainty	
  or	
  noise	
  



Using	
  Ensembles	
  for	
  Predictability	
  Es:mates(2)	
  

•  A	
  measure	
  of	
  the	
  predictability	
  of	
  the	
  future	
  climate	
  state	
  specific	
  
to	
  a	
  subset	
  of	
  ini:al	
  condi:ons	
  is	
  the	
  signal-­‐to-­‐noise	
  ra7o	
  	
  
	
  

	
  
	
  
i.e.	
  	
  The	
  variability	
  of	
  the	
  ensemble	
  mean	
  rela7ve	
  to	
  the	
  variability	
  of	
  
the	
  ensemble	
  members	
  about	
  the	
  mean.	
  

•  The	
  variance	
  of	
  the	
  ensemble	
  mean	
  and	
  members	
  can	
  be	
  used	
  as	
  
an	
  es:mate	
  of	
  the	
  poten:al	
  skill	
  of	
  forecasts	
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Poten:al	
  Correla:on	
  as	
  a	
  func:on	
  of	
  the	
  	
  
signal-­‐to-­‐noise	
  ra:o,	
  and	
  ensemble	
  size	
  	
  

(blue:1	
  member,	
  black:	
  unlimited	
  ensemble)	
  

•  This	
  places	
  an	
  upper	
  limit	
  on	
  predictability	
  as	
  a	
  func:on	
  
of	
  the	
  SNR	
   	
  (courtesy	
  of	
  Emily	
  Riddle)	
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Changes	
  in	
  predictability	
  
•  We	
  can	
  consider	
  the	
  linear	
  changes	
  over	
  a	
  number	
  of	
  years	
  

•  Linear	
  trends	
  can	
  be	
  calculated	
  for	
  signal	
  (S),	
  noise	
  (N),	
  SNR,	
  and	
  
the	
  poten:al	
  predictability	
  indicated	
  by	
  the	
  predic:on	
  of	
  the	
  
correla:on	
  by	
  the	
  model	
  (R).	
  	
  	
  

	
  
1)  It	
  is	
  a	
  reasonable	
  assump7on	
  that	
  the	
  predictability	
  of	
  par7cular	
  

characteris7cs	
  of	
  the	
  climate	
  system	
  may	
  change	
  as	
  the	
  
background	
  climate	
  state	
  changes	
  

2)  By	
  this	
  measure,	
  predictability	
  may	
  also	
  change	
  with	
  changing	
  
observa7onal	
  networks	
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Why	
  study	
  predictability?	
  

1.  To	
  evaluate	
  the	
  performance	
  of	
  forecast	
  systems	
  for	
  
different	
  condi:ons	
  and	
  ini:al	
  states	
  

2.  To	
  make	
  sta:s:cal	
  correc:ons	
  to	
  dynamical	
  forecasts	
  
3.  To	
  describe	
  and	
  understand	
  the	
  innate	
  uncertainty	
  in	
  

the	
  chao:c	
  climate	
  system	
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Using	
  NOAA-­‐ESRL	
  retrospec:ve	
  forecasts	
  

•  Current	
  opera:onal	
  NCEP	
  Global	
  Ensemble	
  
Forecast	
  System	
  (GEFS)	
  as	
  of	
  February	
  2012	
  

•  10	
  perturba:on	
  ensemble	
  members	
  +	
  control	
  
(best	
  es:mate	
  of	
  ini:al	
  condi:ons)	
  

•  Week-­‐2,	
  8-­‐14	
  day	
  lead	
  forecasts	
  of	
  2-­‐meter	
  
air	
  temperature	
  

•  1985-­‐2010	
  
•  Ini:al	
  condi:ons	
  from	
  Climate	
  Forecast	
  

System	
  Reanalysis	
  (CFSR)	
  
•  CFSR	
  used	
  as	
  observa:ons	
  
•  25	
  year	
  record	
  includes	
  climate	
  change	
  +	
  

changes	
  in	
  observa:onal	
  network	
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  Using	
  retrospec:ve	
  forecasts	
  for	
  bias	
  correc:on	
  

•  Determining	
  the	
  systema:c	
  error	
  	
  generally	
  assumes	
  
the	
  sta:s:cs	
  are	
  sta:onary	
  over	
  reforecast	
  data	
  set.	
  

•  Are	
  the	
  sta1s1cs	
  sta1onary?	
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•  Weekly	
  mean	
  
forecast	
  
temperatures	
  over	
  
the	
  U.S.	
  by	
  year	
  

•  25-­‐year	
  climatology	
  
in	
  red	
  

•  PDF	
  shiging	
  each	
  
year	
  



•  Weekly	
  mean	
  
temperatures	
  over	
  
the	
  U.S.	
  by	
  year	
  

•  25-­‐year	
  climatology	
  
in	
  red	
  

•  PDF	
  shiging	
  each	
  
year	
  



•  Mul:-­‐decadal	
  
temperature	
  trends	
  
apparent	
  in	
  
intraseasonal	
  forecasts	
  



•  Shig	
  towards	
  
warmer	
  
temperatures	
  in	
  
more	
  recent	
  years	
  



•  Increase	
  in	
  the	
  
frequency	
  of	
  extremes	
  



•  Temperature	
  trends	
  are	
  significant	
  frac:on	
  of	
  weekly	
  :mescale	
  variability	
  

•  Large	
  areas	
  exceed	
  0.5	
  standard	
  devia:ons	
  

CFSR	
  standardized	
  (weekly)	
  linear	
  temperature	
  trend	
  
for	
  25-­‐year	
  period	
  (1985	
  to	
  2010)	
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May	
  to	
  September	
  November	
  to	
  March	
  



•  Decadal	
  changes	
  in	
  the	
  model	
  climate	
  are	
  similar	
  to	
  ini:aliza:on	
  
reanalysis	
  

•  Many	
  significant	
  differences	
  globally	
  (bias	
  in	
  the	
  trends)	
  

Model	
  week-­‐2	
  standardized	
  linear	
  temperature	
  trend	
  
for	
  25-­‐year	
  period	
  (1985	
  to	
  2010)	
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May	
  to	
  September	
  November	
  to	
  March	
  



•  Bias	
  changes	
  are	
  significant	
  frac:on	
  of	
  variability	
  
	
  
•  Changes	
  in	
  bias	
  over	
  :me	
  are	
  highly	
  variable	
  	
  by	
  loca:on	
  and	
  season	
  

Standardized	
  trends	
  in	
  bias	
  of	
  model	
  week-­‐2	
  forecasts	
  
for	
  25-­‐year	
  period	
  (1985	
  to	
  2010)	
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May	
  to	
  September	
  November	
  to	
  March	
  



•  Decadal	
  changes	
  in	
  signal	
  strength	
  are	
  variable	
  	
  by	
  loca:on	
  and	
  season	
  

•  Is	
  this	
  changes	
  in	
  observa:ons?	
  	
  Decadal	
  variability	
  of	
  the	
  climate	
  system?	
  
	
  Chance	
  changes	
  in	
  climate	
  variability?	
  

Model	
  week-­‐2	
  standardized	
  trend	
  in	
  signal	
  
for	
  25-­‐year	
  period	
  (1985	
  to	
  2010)	
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May	
  to	
  September	
  November	
  to	
  March	
  



•  Nega:ve	
  trend	
  in	
  the	
  climate	
  noise	
  in	
  North	
  America.	
  (Befer	
  ini:al	
  
condi:ons?)	
  

•  Weak	
  trends	
  in	
  noise	
  overall	
  

Model	
  week-­‐2	
  standardized	
  trend	
  in	
  noise	
  
for	
  25-­‐year	
  period	
  (1985	
  to	
  2010)	
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May	
  to	
  September	
  November	
  to	
  March	
  



•  Poten:al	
  posi:ve	
  trend	
  in	
  skill	
  in	
  the	
  Summer	
  hemisphere	
  

Trend	
  in	
  model-­‐predicted	
  poten1al	
  correla1on	
  (predictability)	
  
for	
  25-­‐year	
  period	
  (1985	
  to	
  2010)	
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May	
  to	
  September	
  November	
  to	
  March	
  



•  Some	
  similari:es	
  in	
  spa:al	
  pafern	
  of	
  trends	
  in	
  correla:on	
  to	
  observa:ons	
  
compared	
  to	
  the	
  model-­‐only	
  poten:al	
  correla:on	
  trends	
  (previous	
  slide)	
  

•  Lower	
  observed	
  correla:on	
  rela:ve	
  to	
  poten:al	
  correla:on	
  results	
  in	
  
greater	
  increase,	
  as	
  the	
  signal	
  increases	
  in	
  magnitude	
  

Model	
  week-­‐2	
  forecast	
  observed	
  correla1on	
  trend	
  
for	
  25-­‐year	
  period	
  (1985	
  to	
  2010)	
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May	
  to	
  September	
  November	
  to	
  March	
  



Forecast-­‐analysis	
  correla1on	
  for	
  1985	
  and	
  2010	
  
accoun:ng	
  for	
  observed	
  trend	
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May	
  to	
  September	
  November	
  to	
  March	
  

1985	
  

2011	
  



Model	
  week-­‐2	
  poten1al	
  correla1on	
  (predictability)	
  
for	
  1985	
  and	
  2010	
  accoun:ng	
  for	
  trend	
  in	
  signal	
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May	
  to	
  September	
  November	
  to	
  March	
  

1985	
  

2011	
  



•  Growing	
  cold	
  bias	
  where	
  trend	
  is	
  greatest?	
  

Is	
  model	
  bias	
  (right)	
  changing	
  with	
  changing	
  background	
  
climate	
  state	
  (Winter,	
  Dec-­‐Jan)	
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Standardized	
  linear	
  
temperature	
  change	
  	
  

Standardized	
  linear	
  trend	
  of	
  	
  
ensemble	
  model	
  mean	
  bias	
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Comparing	
  the	
  :me	
  series	
  of	
  model	
  error	
  from	
  the	
  hindcast	
  (red)	
  and	
  real-­‐
:me	
  forecasts	
  (blue)	
  ager	
  bias-­‐correc:on	
  using	
  hindcast	
  period	
  (1985-­‐2010)	
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Afempts	
  to	
  correct	
  bias	
  in	
  recent	
  summer	
  forecasts	
  –	
  
either	
  trailing	
  period	
  (yellow)	
  or	
  from	
  centered	
  period	
  in	
  real-­‐:me	
  forecast	
  years	
  (red)	
  –	
  	
  	
  

can	
  have	
  good	
  and	
  bad	
  results	
  rela:ve	
  to	
  using	
  the	
  full	
  hindcast	
  alone	
  
	
  

2012:	
  Subtrac:ng	
  residual	
  bias	
  
improves	
  RPSS	
  skill	
  

2013:	
  Subtrac:ng	
  residual	
  bias	
  
decreases	
  RPSS	
  skill	
  



•  Decadal	
  temperature	
  trend	
  is	
  significant	
  frac:on	
  of	
  subseasonal	
  
variance	
  and	
  of	
  predictable	
  signal	
  

•  The	
  systema:c	
  bias	
  between	
  the	
  ensemble	
  mean	
  and	
  observa:ons	
  
is	
  also	
  changing	
  on	
  decadal	
  :mescales.	
  

•  Regionally	
  the	
  predictable	
  signal	
  also	
  appears	
  non-­‐sta:onary	
  
•  This	
  may	
  be	
  due	
  to	
  changing	
  observa:on	
  network	
  and/or	
  changes	
  in	
  

climate	
  variability	
  
•  For	
  bias-­‐correc:ons	
  and	
  calibra:on	
  of	
  ensemble	
  forecasts,	
  

correc:on	
  of	
  forecasts	
  may	
  need	
  to	
  change	
  with	
  :me	
  
•  Best	
  prac:ces	
  in	
  subseasonal	
  may	
  be	
  applicable	
  to	
  seasonal	
  

forecasts	
  
•  It	
  is	
  difficult	
  /	
  nearly	
  impossible	
  to	
  make	
  similar	
  assessments	
  of	
  changing	
  

bias	
  and	
  predictability	
  with	
  seasonal	
  forecasts	
  

•  Possible	
  non-­‐sta:onarity	
  of	
  predictability	
  (correla:on)	
  of	
  
subseasonal	
  variability	
  

•  Inconsistencies	
  in	
  hindcasts	
  and	
  real-­‐:me	
  forecasts	
  introduces	
  
addi:onal	
  biases;	
  	
  
•  However,	
  calibra:on	
  of	
  skill	
  (correla:on)	
  requires	
  mul:-­‐decadal	
  hindcasts	
  
•  Shorter	
  period	
  calibra:ons	
  are	
  suscep:ble	
  to	
  varia:ons	
  in	
  bias	
  and	
  

predictability	
  

Summary	
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